[Materials and Methods]
An initial beam model adapted to the beam-wobbling system
When wobbler magnets are off, a distribution function of protons in an initial phase space at a point of interest (POI), fwob,off (x, y, θx, θy) , is described as (1) where σ11 is the projected spatial variance, σ12 is the projected spatial-angular covariance and σ22 is the projected angular variance. When wobbler magnets are on, the distribution function, fwob,on (x, y, θx, θy) , is expressed by integrating the fwob,off along the wobbling trajectory as (2) where and are axis lengths in x-and y-directions of the ellipse orbit that the beam center draws by being kicked by the wobbler magnets, respectively. L w , x and L w , y are distances between the POI and the center of wobbler magnets giving a kick in x-and y-directions, respectively. Fig.1 shows an arrangement for a series of experiments to verify the accuracy of our calculation method. We used a 235 MeV modulated proton beam with a SOBP width of 60 mm passing through an acrylic range shifter of 60 mm in thickness. We sandwiched a 2D
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Array seven29® between polyethylene plates and measured the lateral dose distribution. The thickness of the upper plates is varied from 0 mm to 152 mm. We used two types of L-shaped range compensator: the one has an L-shaped structure in the x-direction and another has the same structure in the y-direction. We performed a series of experiments using one of them and another series of experiments using other of them.
[Results and conclusion] 
